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This invention relates to aircraft fuel tank systems and to methods for 
inerting aircraft fuel tanks. 

ft 

Regulations require that the fuel tanks of civil aircraft are rendered inert, 
that is to say that the flammability hazard posed by the fuel tank is reduced, by 
maintaining the oxygen concentration below a preset figure - typically 1 1 .9% but 
can vary from 9% to 12%. It will be appreciated that an Inflow of gas into the 
aircraft fuel tank is required both to make up for the bum rate of the fuel esdtjng 
the tank, and also to maintain the pressure differential across the tank v/mn the 
structural design limits during descent. The mass flow rate required during 
descent Is therefore relatively high as a substantial mass is required to 

pressurize the tank. 

It is known to generate nitrogen-enriched air using an air separation 

a 

device such as a system using Hollow Fibre Membrane technology to separate 
air into oxygen and nitrogen and to provide nitrogen-enriched air in which the 
concentratkjn of nitrogen Is greater than ambient air and the concentration of 
oxygen is jower. 

In prior art systems, ambient air Is permitted to enter the fuel tanks during 
descent, and nitrogen-enriched air of sufficient flow and purity is added to the 
tank to ensure that the overall average oxygen concentration does not exceed 
the defined limits for an inert tank (typically 1 1 .9% oxygen by volume at sea 
level). In such systems the nitrogen-enriched air is supplied at a concentration of 
between 10% to 12% oxygen concentration (by volume) and, when eventually 
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mixed with ambient air, a typical mixture concentration of 16% to 18% oxygen 

concentration results. 

A problem with this system is that the introduction of ambient air is via the 
aircraft fuel vent system which is typically designed with the fuel system 
5 requirements in mind, and has inlets in only a limited number of locations in the 
tank. This means that, during the descent phase, air introduced via the vent 

* 

systems tends to create localised pockets within the tank where the oxygen 
concentration exceeds the defined limit. In tanks divided Into compartments or 
bays, this can result in an entire bay in which the vent is located exceeding the 
10 limit. 

There is a need for an aircraft fuel tank inerting system capable of 
overcoming or mitigating at least some of the disadvantages of existing systems. 

Accordingly, In one aspect, this invention provides an aircraft fuel tank 
system comprising: 
15 at least one aircraft fuel tank; 

an air separation means for producing nitrogen-enriched air. and 
control means operable to control said air separation means to supply 
nitrogen-enriched air into said at least one aircraft fuel tank during cruise 
conditions and to supply nrtnagen-enriched air at a higher flow rate during 
20 descent, whereby substantially the whole of the mass of gas required to 
maintain the pressure difference across the walls of the fuel tank below a design 
threshold is provided by said air separation means. 

« 

In this arrangement, during the descent phase, instead of replenishing the 
tanks with a mixture of ambient air derived from the vent system, in combination 



« 
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With nitrogen-enriched air from the air-separation device, the ain-separation 
device is operated to provide a high flow rate of nitrogen-enriched air in which 
the concentration of nitrogen Is relatively low. 

The term "nitrogen-enriched air" is used in this specification to mean air 
5 which has passed through an air-separation device including separation means 
intended to increase the nitrogen content in the air with a commensurate 

reduction in the oxygen content. 

Although we do not preclude the possibility of Inward venting of air into 
the aircraft fuel tanK in the preferred embodiments the control means controls 
10 the air-separaUon means so that the whole of the mass of the gas required to 
maintain said pressure difference is provided by said alr-separatlon means. 

In the described embodiment, the air-separation means provides in use 
nitrogen-enriched air having a relatively high concentration of nitrogen- when 
operated at .relaOvely low mass flow rates but with the concentration of nitrogen 

_ ♦ « 

1 5 decreasing at higher mass flow rates. 

In the above arrangements, although by operating the air-separation 
means at higher mass flow rates means that the purity of the nitrogen-enriched 
air is degraded, in most instances the nitrogen-enriched air supplied from the air- 
separation means will have a nitrogen concentration which is lower than that of 

20 ambient air. 

A major advantage of this system Is that it does not rely in mixing within 
the aircraft fuel tanks of ambient air and nitrogen-enriched air and so variations 

■ 

in concentration of the nitrogen across the tank are reduced, thereby reducing 
localised oxygen-rich pockets. 
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Preferably, the system includes means for distributing the nitrogen- 
enriched air at a number of spaced locations In said at least one aircraft fuel 
tank, thereby in use to reduce variations in concentration of nitrogen within said 
tank. 

The air-separation means may take many forms, but preferably 

comprises a Hollow Fibre Membrane. 

In another aspect, this Invention provides an . aircraft fuel tank system 

comprising: 

at least one aircraft fuel tank; 

means for providing nitrogen-enriched air for delivery into said at 

least one tank, and 

means for distributing said nitrogen-enriched air at a number of 

spaced locations within said at least one tank. 

Preferably, substantially the entire amount of nitrogen-enriched air 
introduced into the at least one fuel tank is drawn from said nitrogen-enriched air 

t 

providing means. 

In another aspect, this Invention provides a method of inerting at least 
one aircraft fuel tank which comprises operating an air separation device during 
cruise conditions to deliver nitrogen-enriched air with a relatively high 
concentration of nitrogen at a relatively low mass flow rate into said aircraft fuel 
tank, and operating said air separation device during descent conditions to 
deliver nitrogen-enriched air with a lower concentration of nitrogen and at a 
relatively high mass flow rate, whereby the alr-separatlon device provides 
substantially the whole of the mass of gas required to maintain the pressure 
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difference across the walls of the or each fuel tank within a design threshold. 

Whilst the. invention has been described above, it extends to any 
inventive combination of the features set out above or in the following 
description. 

The invention may be performed in various ways, and an embodiment 
thereof will now be described by way of example only, reference being made to 
the accompanying drawings, in which: 

Figure 1 is a schematic view of a single volume tank Incorporating an 
inerting system in accordance with this invention, and 

Figure 2 Is a schematic view of a tank divided into inter-connecting bays 
incorporating an inerting system .In accordance with this invention. 

Referring to Figure 1. in this embodiment the aircraft fuel tank 10 Is 
connected to a source 12 of nitrogen-enriched air via a control valve 14. The 
source of nitrogen-enriched air may be any suitable form of air-separation 
device, typically Implementing Hollow Fibre Membrane technology. The fuel tank 
also includes a vent 16 for outwardly venting gas. 

In use. during descent, little or no ambient air is introduced into the fuel 
tank but Instead nitrogen-enriched air is supplied at a sufficient flow rate, at a 
degraded purity of nitrogen (greater than 11.9% oxygen concentration at sea 
level) to maintain the fuel tank at sufHcient purity to remain within the oxygen 
concentration limit. It will be appreciated that that, at the beginning of the 

descent phase, the tank will have a relatively high purity of nitrogen due to the 
build up of nrtrogen^enriched air during the cruise condition. During the descent 
phase the flow rate and purity of the nitrogen-enriched air from the source 12 
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may typically be approximately equivalent to that of the mixture of nitrogen- 
enriched air and ambient air supplied in the prior art systems. A major 
advantage of the present system is that the Inflow of gas into the fuel tank is 
substantially homogenous, thereby reducing the possibility of oxygen-rich 
pockets. 

The supply of nitrogen-enriched air may then be distributed to multiple 
locations within the tank to reduce the size, duration and oscygen concentration 
of the local pockets at the distribution outlets at which oxygen concentration 
exceeds 1 1 .9%. 

During the ascent phase, where the reducing external pressure causes 
the gas within the tank to expand, the expanding gas may exit through the vent 
system 16. without additional control valves or system logic. 

Due to the characteristics of a Hollow Fibre Membrane separator, the 
weight of the inerting system Is not significantly changed in the described system 

as compared to prior art systems. 

The system of Figure 1 may be used where there is Just one aircraft fuel 

tank or where there are multiple tanks. 

Referring to Figure 2, this shows an an^ngement where there is a single 

* 

tank which has a series of inter-connected bays 18. Again, there may be other 
similar tanks connected to the same source 12 of nltrogen-enriched air. Here a 
flow distribution pipe 20 distributes the nitrogen-enriched air Into each of the 
bays to effect distribution to multiple locations. 
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Claims 

1 . An aircraft fuel tank system comprising: 

at least one aircraft fuel tank; 

an air separation means for producing nitrogen-enriched air, and 
control means operable to control said air separation means. to supply nitrogen- 
enriched air Into said at least one aircraft fuel tank during cnjise conditions and 
to supply nitrogen-enriched air at a higher flow rate during descent, whereby 

■ 

substantially the whole of the mass of gas required to maintain the pressure 
difference across the walls of the fuel tank below a design threshold Is provided 
by said air separation means. 

2. An aircraft fuel tank system as claimed in Claim 1 , wherein said control 
means controls the air separation means such that the whole of the mass of gas 
required to maintain said pressure difference is provided by said air separation 
device. 

3. An aircraft fuel tank system as claimed in Claim 1 and Claim 2. wherein 

■ 

said air separation means in use provides nitrogen-enriched air having a 
relatively high concentration of nitrogen at relatively low mass flow rates, with 
the concentration of nitrogen being lower at higher mass flow rates. 

4. An aircraft fuel tanl< system as claimed in any of the preceding Claims, 
including means for distributing the nitrogen-enriched air at a number of spaced 
locations in said at least one aircraft fuel tank, thereby in use to reduce 
variations in concentration of nitrogen within said tanlc. 

5. An aircraft fuel tanl^ system as claimed In any of the preceding Claims, 
wherein said air separation means comprises a Hollow Fibre Membrane, 



t 
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6. An aircraft fuel tank system comprising: 
at least one aircraft fuel tank; 

means for providing nitrogen-enriched air for delivery Into said at least 
one tank, and 

means for distributing said nitrogen-enriched air at a number of spaced 
locations within said at least one tank. 

7. An aircraft fuel system as clalnriBd in Claim 6, wherein said substantially 
the entire amount of nitrogen-enriched air is drawn from said providing nneans. 

8. A method of Inerting at least one aircraft fuel tank which comprises 
operating an air separation device during cruise conditions to deliver nitrogen- 
enriched air with a relatively high concentration of nitrogen at a relatively low 
mass flow rate into said airtsraft fuel tank, and operating said air separation 
device during descent conditions to deliver nitrogen-enriched air with a lower 
concentration of nitrogen and at a relatively high mass flow rate, whereby the 
air-separation device provides substantially the whole of the mass of gas 
required to maintain the pressure difference across the walls of the or each fuel 
tank below a design threshold. 
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